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Abstract
We present low-resolution Karl G. Jansky Very Large Array D-configuration HI spectral line observations of
32 previously unobserved local-volume low-mass dwarf galaxies in the Survey of HI in Extremely Low-mass
Dwarfs (SHIELD). SHIELD was designed to probe the physical characteristics of the objects that inhabit the
faint end of the HI mass function as populated by the ALFALFA blind HI extragalactic survey. These low
angular-resolution images localize the HI-gas and provide the first glimpse of the neutral interstellar medium
in these sources. We quantify the total HI mass of each system, and, using SDSS imaging, we compare the HI
and stellar morphologies. With a few exceptions, the HI-gas is found to be co-spatial with the optical centers
of the galaxies. Three systems are shown to be undergoing gravitational interactions with nearby, more
massive galaxies.
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1. INTRODUCTION
The Survey of HI in Extremely Low-mass Dwarfs (SHIELD) is a multiwavelength study of galaxies with neutral
hydrogen masses within the 106 − 107 M range outside of the Local Group. The targets, selected from the Arecibo
Legacy Fast ALFA (ALFALFA) survey (Giovanelli et al. 2005), met line-width (full width at 50% of peak < 65 km s−1
from ALFALFA), distance (outside the Local Group), and HI flux (MHI ≤ 1.6 × 107 M) criteria for being local-
volume, gas-rich, low-mass galaxies. This survey aims to examine the properties of the neutral interstellar medium
in extremely low-mass systems, within the mass range of the transition from mini-halos without optical counterparts,
such as those identified by Adams et al. (2013), to low-mass dwarfs, populating the faint end of the HI mass function
with statistical confidence for the first time.
We present a third addition to the SHIELD project, adding 32 galaxies to the survey for a total of 82 targets. With
confident observations of the neutral medium, we can localize HI gas compared to optical observation, probe rotational
dynamics, constrain the ratio of dark to baryonic matter in these dwarfs, and place them on the baryonic Tully-Fisher
relation, as done for the first 12 SHIELD targets in McNichols et al. (2016) and Teich et al. (2016). We can also explore
elusive low-mass galaxy interactions as well as the complex relationship between HI gas and star formation identified
by McQuinn et al. (2015).
2. OBSERVATIONS AND DATA REDUCTION
Our observations were made using the Karl G. Jansky Very Large Array in Socorro, New Mexico for observation
programs 15B-169 (PI: Cannon) and 14A-076 (PI: Cannon), with each target observed in the D-configuration for 2
hours. Radio frequency interference present in the data as well as poor baselines were flagged and removed by hand.
The data were calibrated using standard prescriptions in CASA utilizing the quasars 1331+305 (3C286), 0137+331
(3C48), and 0542+498 (3C147) as primary calibrators. Channels not containing the targets were UV-continuum-
subtracted using a first order fit.
The data were then cleaned and imaged using a pipeline script written by Teich et al. (2016) and modified to work
with our data. This script cleaned the data at the 2.5σ level with a channel width of 2.474 km/s, smoothed to an
average beam size of 40”, and masked non-real emission data. This resulted in our final data cubes, three-dimensional
models of the sources which show the spatial distribution of HI in each velocity channel. These data cubes show HI
flux density as a function of position on the sky and velocity, allowing observation of the structure and density of the
neutral interstellar medium throughout the source. These cubes were then collapsed to create two-dimensional moment
zero, moment one, and moment two maps (HI column density, velocity field, and velocity dispersion respectively; see
Figure 2). The moment zero column density contours were overlaid on Sloan Digital Sky Survey images to compare
the spatial extension of the neutral gas to their optical counterparts. We assume a 10% uncertainty in calibration and
absolute flux scale.
3. DISCUSSION AND RESULTS
The total HI flux integral from both Arecibo and our VLA observations, denoted SHI , for each object can be found
in Table 1. By using Hubble-flow based distance estimates (Masters 2005), we estimate the HI mass using the following
equation:
MHI
M
= (2.36× 105)
(
D
Mpc
)
SHI .
All sources except for AGC 205156 and AGC 205197 were detected at high significance. As all data was treated
uniformly using standard prescribed calibration methods, and the two undetected targets have among the lowest HI
flux observed by Arecibo, we can only assume AGC 205156 and AGC 205197 to have below detectable levels of HI.
By overlaying HI column density contours on optical images (Figure 1), we observe that, with a few exceptions, the
HI gas of these objects is co-spatial with their optical counterparts. In all cases, detected HI gas extends far beyond
observable optical light. However, the HI gas is unresolved in all cases.
Three of the targets are confirmed as possible interaction candidates due to their close proximity to larger galaxies
(see Figure 3). AGC 112505 is approximately 100 km s−1 behind DDO 13, with UGC 1171 about 15 kpc from DDO
13. AGC 722731 is 60 kpc from the much larger spiral galaxy NGC 3486. AGC 748779 is 35 kpc from NGC 14, the
HI gas of which also appears to extend significantly in the direction of AGC 748779. Interactions are a major driver
of galaxy evolution, and observations of low-mass dwarf galaxy interactions such as these are exceedingly rare. The
interaction fraction for the SHIELD project is less than 10% (6 of the 79 targets with HI imaging).
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4. CONCLUSIONS
We have presented HI spectral line observations of 32 previously unobserved galaxies as part of the Survey of HI in
Extremely Low-mass Dwarfs (SHIELD). These observations allow us to study the neutral interstellar medium, giving
us insight into the neutral gas contents of these cosmically significant sources. These observations will allow analysis of
gas dynamics, star formation, dark matter, and interactions, leading to a broader understanding of galaxy formation
and evolution.
Future work would include obtaining higher resolution HI spectral line observations as well as Hubble Space Telescope
observations to constrain distance estimates and perform analysis of gas dynamics and star formation, similar to those
presented in McNichols et al. (2016) and Teich et al. (2016) respectively.
The author would like to thank John M. Cannon for his guidance and assistance in this work, Elizabeth Ruvolo as
a collaborator, as well as the rest of the SHIELD team. Support for this work was provided by NSF grant 1211683 to
JMC at Macalester College.
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Table 1.
Galaxy ID R.A. Dec. SHI (Arecibo) SHI (VLA) Distance MHI
(J2000) (J2000) (Jy km s−1) (Jy km s−1) (Mpc) (107 M)
AGC 748779 00:07:50.9 +15:45:21 0.34 0.26 12.4 0.943
AGC 103722 00:14:46.0 +10:48:47 1.80 1.7 4.1 0.674
AGC 104208 00:41:42.5 +12:59:32 0.40 1.4 9.7 3.11
AGC 112503 01:38:01.4 +14:59:36 0.56 0.38 10.2 0.933
AGC 112505 01:40:09.6 +15:56:24 0.53 0.45 10.3 1.13
AGC 124635 02:48:38.3 +19:19:41 0.77 0.91 7.9 1.34
AGC 124629 02:56:05.6 +02:48:31 0.43 0.40 10.6 1.06
AGC 171459 07:44:43.7 +25:08:26 0.49 0.44 11.8 1.45
AGC 191791 09:08:53.8 +14:35:02 0.28 0.29 9.5 0.618
AGC 194019 09:11:59.4 +31:35:36 0.37 0.39 12.0 1.33
AGC 198712 09:59:10.3 +36:02:23 0.51 0.45 8.3 0.732
AGC 208477 10:09:19.7 +27:56:41 0.35 0.33 8.4 0.550
AGC 749315 10:29:08.1 +26:54:15 0.34 0.26 9.2 0.519
AGC 205156 10:30:51.9 +12:27:33 0.32 N/A 14.2 N/A
AGC 205197 10:49:45.6 +13:49:35 0.39 N/A 11.9 N/A
AGC 205278 10:58:52.2 +14:07:46 0.35 0.37 11.5 1.15
AGC 722731 10:59:43.8 +28:36:24 0.17 0.16 9.8 0.363
AGC 215282 11:14:25.2 +15:32:02 0.29 0.18 11.3 5.42
AGC 210220 11:17:01.1 +13:05:55 0.60 0.60 10.5 1.56
AGC 215286 11:19:12.7 +14:19:40 0.56 0.56 10.6 1.48
AGC 213440 11:23:37.6 +12:53:45 0.25 0.20 10.3 0.501
AGC 215914 11:33:43.0 +33:40:38 0.37 0.36 11.9 1.20
AGC 215248 11:33:50.9 +14:03:15 0.21 0.21 11.3 0.633
AGC 226634 12:15:44.5 +34:56:01 0.49 0.44 10.0 1.04
AGC 732129 12:27:25.2 +27:50:27 0.53 0.47 9.3 0.959
AGC 229090 12:36:49.7 +33:36:48 1.13 0.99 7.1 1.18
AGC 229439 12:51:39.5 +32:10:50 0.41 0.51 11.9 1.70
AGC 221089 12:53:10.0 +25:16:41 0.72 0.74 9.1 1.45
AGC 732418 12:59:08.2 +26:22:39 0.27 0.25 9.3 0.510
AGC 239031 13:08:12.4 +29:05:15 0.46 0.41 10.9 1.15
AGC 239141 13:17:40.7 +35:27:58 0.51 0.51 4.8 0.277
AGC 322463 22:59:35.6 +16:45:56 0.90 0.60 6.5 0.598
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Figure 1. 5’ × 5’ SDSS three color optical images overlaid with EVLA HI column density contours at the [1, 2, 4, 8, 16]×1020
cm−2 levels with an average beam size of 40”.
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Figure 2. Moment 0, moment 1, and moment 2 maps, representing HI column density, velocity field, and velocity dispersion
respectively, of AGC 103722.
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Figure 3. (a) AGC 722731 is approximately 60 kpc from NGC 3486. Contours at [1,2,4,8,16]×1020 cm−2. (b) AGC 112505
is approximately 100 km s−1 behind DDO 13. Contours at [1,2,4,8,16,32,64]×1020 cm−2. (c) AGC 748779 is approximately 35
kpc from NGC 14. Contours at [1,2,4,8,16,32,64]×1020 cm−2.
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